The number of vancomycin-resistant enterococci (VRE) relative to the total number of enterococci was determined in fecal samples from turkeys and three human populations in 1996, each with a different level of contact with turkeys, i.e., turkey farmers, turkey slaughterers, and (sub)urban residents. The percentage of VRE relative to the total enterococcal population (i.e., the degree of resistance) was low (2 to 4%) in all groups (except in six samples). No difference was observed between farmers who used avoparcin and those who did not. The pulsed-field gel electrophoresis (PFGE) patterns of the VRE isolates from the different populations were quite heterogeneous, but isolates with the same PFGE pattern were found among animal and human isolates, in addition to the isolates which were described previously (A. E. van den Bogaard, L. B. Jensen, and E. E. Stobberingh, N. Engl. J. Med. 337:1558-1559, 1997). Detailed molecular characterization of vanA-containing transposons from different isolates showed, that in addition to a previously reported strain, similar transposons were present in VRE isolates from turkeys and turkey farmers. Moreover, similar VanA elements were found not only in isolates with the same PFGE pattern but also in other strains from both humans and animals.
Vancomycin-resistant enterococci (VRE) were isolated for the first time in 1986 in Europe and in 1987 in the United States. Since then VRE infections have been reported from all over the world. In 1993 enterococci accounted for 12% and VRE accounted for 1% of all hospital infections in the United States (10) . In Europe the rate of fecal carriage of VRE in the community is much higher (e.g., 2 to 28%) than that in the United States, where VRE seem to be more or less absent outside hospitals (10, 17) . In Europe a diversity of VRE types has also been isolated from sewage, animal waste, meat and meat products, and feces of healthy persons, suggesting a heterogeneous pool of VRE outside hospitals (7, 8, 25, 26) . The observation that in the United States VRE have not been isolated from animal sources (6, 10) might be due to the fact that in the United States glycopeptides were never approved for use in animal feeds as antimicrobial performance enhancers (APEs) for growth promotion (28) . Until recently, avoparcin, a glycopeptide that shows complete cross-resistance with vancomycin, was commonly used in The Netherlands and in most other countries of the European Union for this purpose (23) . The use of avoparcin as an APE has been suggested as a risk factor for carriage of VRE in food animals, as the usage of any antibiotic produces a selective pressure in favor of resistance (5, 12, 26, 27, 29, 34, 39) . Therefore, its use as an APE was suspended in the European Union in 1996.
Four main types of resistance to glycopeptides have been described: VanA, VanB, VanC, and VanD (4, 18, 30, 31) . The vanA gene cluster is the one most commonly found and encodes inducible high-level resistance to both vancomycin and teicoplanin. Dissemination of vancomycin resistance can occur through both clonal expansion of resistant enterococci and horizontal transmission of resistance genes (21, 22) . Horizontal transfer of vancomycin resistance is explained by the fact that the genetic determinant for the VanA type of vancomycin resistance typically resides on a mobile DNA element such as Tn1546 (3) , which can be transferred to enterococci by plasmids. Recently, in several studies, the heterogeneity of the VanA resistance determinant was described. In those studies, indistinguishable Tn1546-like elements could be found in VRE isolated from farm animals and humans, suggesting transfer of vancomycin resistance elements from farm animals and humans (31, 38, 40) .
In a previously published report of a study in which the prevalence of VRE in turkeys and farmers was assessed, we found that VRE could be detected in 50% of the fecal samples from turkeys (n ϭ 47) and in 39% of the fecal samples from turkey farmers (n ϭ 47) (33) . Furthermore, VRE were isolated from 20% of the fecal samples from turkey slaughterers (n ϭ 48) and 14% of the fecal samples from (sub)urban residents from the same area (n ϭ 117). In addition, an indistinguishable VRE and a vanA-containing element were found in one sample from a turkey and one from a turkey farmer, suggesting animal-to-human transmission of vancomycin resistance as a likely route (33) .
In the present study we analyzed in more detail the epidemiology of VRE in the context of the influence of avoparcin use in turkey feed. The relative amount of VRE in fecal samples from turkeys and three groups of healthy volunteers with different risks of exposure to fecal bacteria from turkeys, i.e., turkey farmers, turkey slaughterers, and a control group of (sub)urban residents, was determined by calculating the number of VRE relative to the total number of enterococci. The VRE that were isolated were identified and classified with respect to the type of vancomycin resistance. In addition, the antibiotic susceptibilities to several antimicrobial agents of enterococci isolated from vancomycin-free and vancomycin-containing selective agar plates were determined. Possible sharing of VRE between turkeys and humans was assessed by genotyping by pulsed-field gel electrophoresis (PFGE). In addition, the similarity of vancomycin resistance elements found in animal and human isolates was assessed by comparing Tn1546 derivatives of isolates of VRE from turkeys and the three groups of healthy human volunteers.
(Parts of this study were presented at the 37th Interscience Conference on Antimicrobial Agents and Chemotherapy, Toronto, Ontario, Canada, 28 September to 1 October 1997.)
MATERIALS AND METHODS
Collection of fecal samples. In 1996, the major turkey farmers in The Netherlands (n ϭ 81) were asked to collect one fresh fecal sample from themselves and one mixed fecal sample from three randomly chosen turkeys at their farms close to the time of slaughter. Approximately 100 workers on a plant that processed the turkeys from these farms and workers who handled turkeys or turkey products on a daily basis were also requested by letter to provide a fecal sample from themselves. (Sub)urban residents (n ϭ 200) were randomly selected from the telephone directory of two cities in The Netherlands, Weert and Roermond (approximately 40,000 inhabitants each), and were asked to participate in the study. Most participants lived in the same area, i.e., the province of Limburg in the southern part of The Netherlands, and all samples were collected within 3 months. The participants were asked to complete a questionnaire about recent hospital stays, whether they kept food or pet animals, and antibiotic use by themselves, their family members, or their animals during the 3 months preceding the sample collection. Turkey farmers were also asked which APE was incorporated into the feed of their animals.
Isolation of (vancomycin-resistant) enterococci. The fecal samples and the questionnaire were, immediately after collection, sent to the bacteriological laboratory, where, on the same day, they were diluted (10 Ϫ1 ) in 0.9% (wt/vol) NaCl containing 20% (vol/vol) glycerol and were stored frozen at Ϫ20°C until they were examined. After thawing of the fecal suspensions, 0.04 ml of these dilutions were inoculated on KF Streptococcus agar (Oxoid CM701; Oxoid) with (10 g/ml) and without vancomycin (Eli Lilly & Company, Indianapolis, Ind.) with a spiral plater (Spiral Systems; Lameris Laboratorium BV, Breukelen, The Netherlands). The plates were incubated at 42°C for 48 h. The lowest detection level is about 250 CFU of VRE/g of feces. KF Streptococcus agar is a selective medium for enterococci, and all enterococci of group D and group Q except Enterococcus cecorum grow on it. For enrichment of VRE, 1 ml of 10
Ϫ1
-diluted feces was added to 9 ml of KF Streptococcus broth supplemented with 10 g of vancomycin per ml. After incubation at 42°C for 24 h, 100 l was subcultured on the same medium with agar. The lowest detection level is 10 CFU/g. Strains were presumptively identified as enterococci by colony morphology. One typical red or pink colony was randomly picked from each KF Streptococcus agar plate with and without vancomycin and was subcultured onto blood agar, identified, and tested for susceptibility.
Identification and antibiotic susceptibility of the enterococcal isolates. For the (sub)urban residents group, one colony or, when different colony types were present, more colonies per fecal sample were randomly picked from the vancomycin-free and vancomycin-containing KF Streptococcus agar plate. For the other groups, only one colony per fecal sample was tested. The isolated colonies were identified by using tolerance to bile, esculin hydrolysis, growth in 6.5% (wt/vol) NaCl, and a positive pyrrolidonylarylamidase reaction (Wellcome). Identification to the species level was performed by testing for arginine dehydrolase and for acid production from 1% L-arabinose, sucrose, melibiose, raffinose, mannitol, ␣-methyl-D-glycoside, raffinose, sorbitol, and L-sorbose in purple base broth. Reactions were observed after 24 h of incubation at 37°C. Motility was determined as described previously (13) . Yellow pigmentation was scored on tryptone soy agar (CM131; Oxoid) after overnight incubation at 37°C and for 24 h at room temperature. Tellurite reduction was read on blood agar after overnight incubation at 37°C.
The antibiotic susceptibility was determined by a broth microdilution method in Iso-Sensitest Broth (CM473; Oxoid) with an inoculum size of 5 ϫ 10 5 CFU/ml. The antimicrobial agents tested and the breakpoint concentrations used to define resistance in this study were as follows: amoxicillin, 16 g/ml; chloramphenicol, 32 g/ml; ciprofloxacin, 4 g/ml; erythromycin, 8 g/ml; oxytetracycline, 16 g/ml; quinupristin-dalfopristin, 8 g/ml; teicoplanin, 32 g/ml; and vancomycin, 32 g/ml. Also, three growth promoters, i.e., avoparcin (8 g/ml), tylosin (8 g/ml), and virginiamycin (16 g/ml), were included in the tests. The breakpoints for the growth promoters tested were based on those reported in the literature (14, 16) . The plates were incubated for 18 to 24 h at 37°C. Enterococcus faecalis ATCC 29212 and Escherichia coli ATCC 25922 were used as reference strains.
Detection of vanA, vanB, and vanC genes. The vanA, vanB, and vanC genes were detected by hybridization with specific probes. The vanA probe was a 390-bp BamHI-PstI fragment (9), the vanB probe was a 581-bp EcoRI-HindIII fragment (18) , and the vanC probe was a 690-bp EcoRI-HincII fragment (15) . The E. coli strains used for isolation of the probes were kindly provided by P. Courvalin. The DNA probes were isolated from 1% low-melting-point agarose gels and were labelled with digoxigenin according to the manufacturer's instructions (Boehringer Mannheim Biochemica, Mannheim, Germany). The strains were screened by making colony blots on nylon membranes (Nytran; Schleicher & Schuell, Den Bosch, The Netherlands) according to the manufacturer's instructions.
Enterococci containing the different van genes were used as positive controls, i.e., Enterococcus faecium BM4147 (vanA) (9), E. faecalis V583 (vanB) (18) , and Enterococcus gallinarum BM4174 (vanC) (15) . E. faecalis JH2-2 was used as a negative control (20) . Prehybridization and hybridization were performed under stringent conditions (50% [vol/vol] formamide and 5ϫ SSC [1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate] at 42°C), and the probes were washed in 2ϫ SSC plus 0.1% (wt/vol) sodium dodecyl sulfate at room temperature and 0.1ϫ SSC plus 0.1% (wt/vol) sodium dodecyl sulfate at 68°C. The detection of digoxigenin-labelled nucleic acids was performed by chemiluminescence on radiographic films (X-Omat AR; Kodak).
PFGE analysis of VRE. The PFGE analyses performed with enterococci isolated from the agar plates with vancomycin were as described previously, with minor modifications (35) . To assess the similarities of the different patterns, the criteria of Tenover et al. were used (32) . If an isolate differed from a main type by only three or fewer bands, it was considered a subtype.
Molecular characterization of Tn1546 derivatives. Characterization of the vanA-containing transposon was performed by means of combination of restriction fragment length polymorphism analysis and DNA sequencing of Tn1546-specific PCR products and classified by type as described previously (38) . PCR primer sequences and their positions relative to the Tn1546 sequence used in this study are listed in Table 1 . All VRE were analyzed for the presence of point mutations at positions 1226, 4847, 7658, 8234, and 9692 as described previously (38) . To determine the DNA sequence of the left end of the truncated vanAcontaining transposon derivatives, type A2, E4, E8, and E10 DNA fragments were amplified with Tn1546 primer 184.R or 4511.R in combination with IS1216V primer IS1216V.E and IS1216V.F. The exact integration site and orientation of the IS1216V element downstream of vanX was determined by amplifying a DNA fragment with primers 7875.F and 9580.R, and the sequence was determined with the primers IS1216V.E and IS1216V.F.
RESULTS
Characterization of the (vancomycin resistant) enterococcal population. Forty-seven fecal samples were received from turkey farmers and their turkeys. The turkey farmers that responded comprised about 50% of all major turkey farmers in The Netherlands. In addition, 47 fecal samples were received from turkey slaughterers and 117 samples were received from the (sub)urban residents. Thirty farms used avoparcin, and 12 farms used virginiamycin; information on the use of APEs was not received from 5 farms.
None of the human participants or their family members were admitted to a hospital or had used antibiotics in the 3 months preceeding the start of the study. About 50% kept pet animals, mainly dogs or cats.
The mean number of enterococci found was 6.9 Ϯ 1.2 (mean Ϯ standard deviation) log 10 CFU per g of feces for the turkey samples and 5.6 Ϯ 1.6 log 10 CFU/g for the human samples. No differences were observed between VRE-positive and VRE-negative samples or between samples from animals fed avoparcin or not. The degree of resistance, i.e., the number of VRE relative to the total number of enterococci, was 3% Ϯ 3% for the turkey samples, 2% Ϯ 4% for the turkey farmers, and 4% Ϯ 10% for the turkey slaughterers. Again, no differences were found between samples from farms that used avoparcin and those that did not. In samples from two turkeys, one farmer, one turkey slaughterer, and two (sub)urban residents, more than 50% of the total number of enterococci were resistant to vancomycin.
A total of 283 colonies from vancomycin-free medium and 59 colonies from vancomycin-containing agar plates were fur-ther identified. No additional VRE were isolated after enrichment. All colonies belonged to the genus Enterococcus. Complete identification to the species level mainly yielded E. faecium, followed by E. faecalis.
The percentages of single isolates from the vancomycin-free and vancomycin-containing agar plates resistant to the antimicrobial agents tested are shown in Table 2 . Among the isolates from the (sub)urban residents, one isolate was lost during culture; i.e., 161 enterococcal colonies were tested for this group. No resistance to amoxicillin was observed in any of the isolates tested. The percentages of resistance to avoparcin, vancomycin, and teicoplanin among the enterococci isolated from the plate without vancomycin were quite similar, ranging from 0 to 14% for the four groups of isolates tested. In contrast, the percentages of resistance to tylosin, erythromycin, and oxytetracycline were significant lower for the isolates from turkey slaughterers and (sub)urban residents than those from turkeys and turkey farmers.
Almost all enterococci isolated from turkeys and the three groups of humans with a selective concentration of 10 g of vancomycin per ml were resistant to avoparcin and vancomycin (MICs, Ͼ32 g/ml). The percentage of resistance to teicoplanin was significantly lower, i.e., from 0% for the isolates from the turkey slaughterers to 48% for the turkey isolates. Two and three enterococci isolated from turkeys and turkey farmers, respectively, lost their vancomycin resistance after storage at Ϫ70°C and were susceptible to vancomycin. By using colony blots, the vanA gene could not be demonstrated in these isolates. The presence of the vanA gene in the vancomycin-resistant isolates from turkeys (n ϭ 21), turkey farmers (n ϭ 13), turkey slaughterers (n ϭ 10), and (sub)urban residents was confirmed (n ϭ 14) by using colony blots. A high percentage of resistance to tylosin and erythromycin among these enterococci from turkeys and humans was observed, ranging from 67% among isolates from turkey slaughterers to 93% among isolates from (sub)urban residents. The same holds true for the resistance to oxytetracycline: from 87% among isolates from turkeys to 100% among isolates from turkey slaughterers. Resistance to ciprofloxacin was observed among isolates from turkeys (35%) and turkey farmers (13%) but was absent from isolates from turkey slaughterers and (sub)urban residents. PFGE of VRE. The PFGE patterns of the VRE from the different populations were quite heterogeneous. Representative PFGE patterns from VRE from turkeys, turkey farmers, and slaughterers are shown in Fig. 1 . Among the 13 VRE isolated from turkeys, 12 different PFGE types could be discriminated. The nine VRE from turkey farmers contained six different PFGE types, while among the VRE isolated from turkey slaughterers (n ϭ 4) and (sub)urban residents (n ϭ 14), three and five different PFGE types, respectively, were found. PFGE type B and type D were found among isolates from both turkeys and turkey farmers (Table 3) .
Tn1546 types among different VRE isolates. Analysis of the Tn1546-like elements from the different VRE isolates showed that the 14 isolates from the (sub)urban residents almost exclusively contained the previously described Tn1546 of types A1 and A2 (38) . Only one isolate contained a type E transposon, E4 a subtype transposon, which is characterized by a 5Ј end deletion that encompasses the entire transposase gene and the 5Ј end of the resolvase gene (36) . Furthermore, this type contains an IS1216V insertion in the vanX-vanY intergenic region. The four isolates from turkey slaughterers contained transposons of types A1 and A2. In contrast, the majority of the turkey isolates (10 of 13) contained a Tn1546 type E transposon (Table 3) . Four different E subtypes, subtypes E8, E9, E10, and E11, were distinguished in these isolates; these subtypes differed in the sizes of the 5Ј end deletion and in the sizes of small deletions surrounding the IS1216V insertion site (Fig.  2) . In addition, Tn1546 subtypes E9, E10, and E11 contained a right-end deletion that included deletion of the vanZ gene, which has been shown to be involved in teicoplanin resistance (2) .
For two isolates, T5 and TF5, the insertion of IS1216V in the vanX-vanY intergenic region and the deletion of the vanZ gene have been described previously (33) . The remaining three turkey isolates were type A1. The finding of isolates containing a VanA transposon from which the vanZ gene was missing may explain the unexpected observation of VanA-positive isolates which were sensitive to teicoplanin (Table 3) . Almost half (four of nine) of the turkey farmer isolates also contained a type E, subtypes E9 and E11, transposon. The other five isolates contained a type A transposon, four isolates contained a type A2 transposon, and one contained a type A1 transposon. In three cases an identical VanA transposon was found in a turkey and turkey farmer isolate from the same farm. In the samples that contained isolates T5 and TF5, as published previously (33) , and in more that contained isolates T20 and TF20, isolates with transposon type E9 were found in both the turkey and turkey farmers, and in the samples that contained isolates T32 and TF32, isolates of type A1 were found in both the turkey and the turkey farmer. Two different transposons were present only in the combination T36 and TF36.
DISCUSSION
In a previously published study on the dissemination of VRE from farm animals to humans, we showed high prevalences of VRE in turkey, turkey farmers, turkey slaughterers, and area residents (50, 39, 20, and 14%, respectively). Furthermore, in samples from one farmer and his turkey flock, an indistinguishable VRE strain and vanA-containing transposon were identified. This demonstrates that, at least in one case, an animal and human carried the same VRE clone (33) . In order to extend this study on the controversial issue of spillover of VRE or vancomycin resistance genes between animals and humans, we have determined the relative number of VRE in feces isolated from turkeys, turkey farmers, turkey slaughterers, and (sub)urban residents. Furthermore, we have compared the PFGE types of a number of VRE isolated from turkeys and the three groups of human volunteers and finally characterized in detail the vanA-containing transposon of VRE isolated from the different sources.
Surprisingly, no significant difference in the number of VRE relative to the total number of enterococci was observed be- tween the farmers and the turkeys on farms where avoparcin was and was not used. This might be explained by the fact that farmers have been exposed to VRE in the recent past by former flocks fed avoparcin as an APE. If this were true, it would suggest that even in the apparent absence of exposure to VRE or glycopeptides, farmers can carry VRE for long periods of time.
The distribution of the different species in the present study differed from those described by Welton et al. (37) . They studied different age groups of three flocks of turkeys from two different farms and found that the most prevalent species in the oldest age group was E. faecalis (51%), followed by E. faecium (22%). In our study, in which the samples were obtained from turkeys close to the time of slaughter, the reverse was found; i.e., E. faecium was the most prevalent (74%), followed by E. faecalis (22%). E. gallinarum, which was isolated from 8 of 41 samples from the oldest group 5 in the study of Welton et al. (37) , was found only twice in our study and was found in (sub)urban residents. Enterococcus casseliflavus which was not isolated from turkeys in age group 5, was found in the samples from turkey farmers (n ϭ 1), turkey slaughterers (n ϭ 1), and (sub)urban residents (n ϭ 8). In both studies, E. faecium and E. faecalis were the most prevalent species.
In general, the PFGE patterns of VRE isolated from animal and human sources were different. PFGE pattern type N was the most prevalent type among human isolates, whereas the PFGE patterns of the isolates from turkeys were heterogeneous. These results are in contrast to those described by van den Braak et al. (35) , who found dominant PFGE types among poultry strains derived from throughout The Netherlands. Our results suggest that, in general, different enterococcal strains are found in turkeys and turkey farmers and that the clonal dissemination of turkey strains and colonization of human is less common. In addition to the previously described similarities between one isolate from a turkey farmer and isolates from his turkeys (33) , similar PFGE types (types D and D1) were also found in isolates T20, TF20, T10, and TF26. In addition to these similar PFGE types found in turkeys and turkey farmers, similar vanA-containing transposons were also found in turkeys and turkey farmers. In five of the nine turkey farmer isolates, transposon-like elements identical to those in turkey isolates, i.e., types A1, E9, and E11, were found. Furthermore, in three cases (isolates T32 and TF32, T20 and TF20, and T5 and TF5) in which a VRE was isolated from a turkey farmer and a turkey of the same farm, an identical vanA-containing transposon was found (Table 3 ). The present data for strains T32, TF32, T20, and TF20 confirm previously published results (33) . The most likely route of spread of vancomycin resistance from turkeys to turkey farmers is by horizontal dissemination of derivatives of the vancomycin resistance transposon Tn1546. The finding of type A2 as the predominant transposon type in (sub)urban residents analyzed in this study is in agreement with previously published results, in which this type seemed to be common among human VRE from The Netherlands (36) , and suggests that the frequency of transmission of vancomycin resistance from turkeys to the general population in The Netherlands is low but that transmission may occur. However, we must realize that only one isolate was tested from each fecal sample, and therefore, the method used is likely to have a very low sensitivity. Testing of more isolates was not possible because of the workload involved. Also, studies from others point to a similarity between vanA-containing elements from animals and humans and suggest the spread of vancomycin resistance between the human and animal bacterial flora (1, 24, 31, 38, 40) , with the most likely way being food-borne transmission. However, more information on the prevalence of different PFGE types among VRE in meat products in Weert and Roermond and the share of turkey meat consumption in relation to total meat consumption is needed before any conclusion can be drawn. In the present study not only was resistance to vancomycin in the different populations observed, but resistance to quinupristin-dalfopristin, a combination of streptogramins B and A which is not approved for human use in The Netherlands, was also found. Resistance to this combination was not only found in E. faecalis, which is considered intrinsically resistant, but was also found in E. faecium, Enterococcus durans, and Enterococcus hirae (Table 2 ). These data are consistent with previously published results by Welton et al. (37) , in which resistance to this combination among E. faecium isolates was described, with the prevalence of resistance, depending on the age of the turkeys, being up to 100%. The interesting finding of both studies is the isolation of E. faecium strains resistant to quinupristin-dalfopristin before the compound has been used therapeutically in humans. The use of virginiamycin as an APE, consisting of virginiamycin M (a streptogramin A type antibiotic) and virginiamycin S (a streptogramin B type antibiotic), might be responsible for the resistance observed among isolates from animals, and the dissemination of enterococcal strains or resistance determinants from animals to humans may account for the observed resistance to quinupristin-dalfopristin in humans (37) .
There is still much debate on the hazard of the use of APE in food animals and on the possible dissemination of resistant strains or genes from animals to humans or vice versa. In a recent review, Corpet (11) discussed some examples suggesting that the use of APEs such as carbadox, nourseothricin, and streptothricin is hazardous for humans. However, reports with circumstantial evidence were also discussed in the same review, suggesting that the APEs allowed in Europe are not a threat to human health. On the basis of the prevalence of identical vancomycin resistance transposon types in human and animal isolates described in this and other (35, 24, 38, 40) studies, one might conclude that an animal source is likely to serve as a reservoir for the VanA type of resistance in humans in Europe and that the horizontal transmission of the resistance genes is probably more important than clonal spread in the dissemination of vancomycin resistance.
In conclusion, as was discussed 15 years ago, the relative contribution of both APE use and human use of antimicrobial agents to antibiotic resistance in humans is still not known (19) . Monitoring of antibiotic resistance, antibiotic resistance transfer, and antibiotic use (including APE use) and studies on the dissemination of antibiotic resistance genes in both animals and humans is essential to obtaining consistent and reliable data on the epidemiology of resistance of isolates from animals and humans. 
